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The search for truth ts tn one way hard 
and tn another easy, 

For tt ts evident that no one can master 
Li SUC, MOP Mee tL wnolly. 

But each adds a little to our knowledge 
of nature, 

And from all the facts assembled, there 
artses a certain grandeur. 


- Aristotle 


ABSTRACT 


The "ideal" operation for the surgical treatment of peptic 
ulcer would reduce acid secretion and maintain normal emptying and 
yet be free of the sequelae of dumping, diarrhea and ulcer recurrence. 
The search still continues for such a procedure. 

Both selective and, more recently, highly selective vagotomy 
have been suggested as alternatives to truncal vagotomy. Selective 
vagotomy involves denervation of the stomach only and, unlike truncal 
vagotomy, preserves the vagal parasympathetic innervation to the 
remainder of the gastrointestinal tract. Highly selective vagotomy 
differs only in that the innervation to the gastric antrum (via the 
nerves of Latarjet) is also preserved and only the acid-secreting, 
parietal cell mass area of the stomach is denervated. 

Using a rather unique "whole stomach" preparation in conscious 
dogs, this project was designed to determine the effects of selective 
and highly selective vagotomies on the gastric emptying of liquids and 
secretion of acid and pepsin. All the highly selective vagotomies 
were accomplished with a "no-touch" technique to ensure the function 
of the nerves of Latarjet to the antrum. 

Although effective in preserving normal gastric emptying, 
highly selective vagotomy was ineffective in reducing pentagastrin 
stimulated acid and pepsin secretion. By contrast, selective vagotomy 
caused a decrease in basal and maximal acid secretion and pepsin 


secretion. It did, however, cause slower gastric emptying which was 
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overcompensated for by the addition of pyloroplasty. 

A likely explanation is that the careful surgical technique 
prevented neuopraxial injury to the nerves of Latarjet during highly 
selective vagotomy, thereby ensuring the results recorded were due 
in fact to highly selective vagotomy and not to an inadvertent selective 
vagotomy. 

The results suggest that the nerves of Latarjet are of prime 
importance in the regulation of both emptying and secretion and lend an 
air of mystery to the exact function of the nerve supply to the parietal 


cell mass. 


vii 


avtgoatee tnamievbent ge 02 ton bins -ywotonsy 


tietor Capit 09 336 at 

seibe to tye Sobratsd Yo. zovran Adz Fert aeeopbe eT ueeT MAT a 
vs that. ne aatbornns tos gntyg@tn-dtad.o notaaliigen oat o) Qomeenetnd 7 
Laetesapwale of elute ovied.ort So ‘iota, tanta oft of craton AI ; 
; 


ACKNOWLEDGEMENTS 


It seems more and more that medical research is taking the 
"team approach". Though never organized as such, I wish to thank the 
members of my "team", without whom this work could never have been 
accomplished: 
Dr. G.F. Bondar, my supervisor, whose interest, energy, enthus- 
iasm and knowledge were contagious. His frequent visits 


and moral support were essential in concluding the work. 


Drs. Daniel, Secord and Yakimets, the members of my Thesis 
Committee, who met with me early in the year and guided 


the project from the beginning. 


Dr. K. Kowalewski, for the use of his superb facilities and 


his frequent encouragement. 


Mr. J.H. Henriksen, for knowledgeable, diligent and untiring 


technical assistance. 


Mrs. M. McCubbin, Mr. T. Pachkowski, Mrs. J. Hantelmann, 
Mr. K. Proskow and Mr. G. Dhaliwal of the SMRI Biochemistry 
Department, for their expert handling of literally thou- 


sands of samples. 


Mrs. J. Larsen, for typing the manuscript, and for the countless 


secretarial duties she performed so cheerfully. 


viii 


. oe! 
| n i oi 
kn itr id 8 
BP Shas be ale. tons 2h Soctemete eve 
mab oveit: woven biog Aron. 2til2 monly 


Ssuils japins Seenetht 'apoie ,Yodtevieue ih vebO®. 3.8 “a : 
daibby Sinan’ ciB. .cuokghdaba dee ybetwaat ns ment | 
Jtow ott eritbutsaas nt. LolYaseza draw trogaque fevam brs . 

ataekT ye to zragnen 67), etentdey boo prose? , (staal .210 
Gabry bis veay AUP nt yiase Sw ATh don on addimmod | 
<bniiultpad ait mort Sosgorg rts 


bak astebiont? diaque cht to sey od! act -idemshawoed A 0S 


»iianspewoons tisupsrt het ¢ 
BiPvidny bas snepel Hr (Sldnepbotvony wor ,naeiiinatt Wb. 
{Sansl2r2z78 Teofadoay 7 j 7 


snitiaitedingh ane T alt, ana 2h : 


Dr. M. Cook, for innumerable tidbits of helpful advice and 
current reprints. 

Dr. D. Cook, for taking time out of his busy schedule to teach 
a novice the intracacies of an IBM computer. 

The staff of the Health Sciences Animal Centre for the pro- 
ficient daily care of the animals. 

Ayerst Laboratories, who kindly supplied the pentagastrin used 


in this project. 


This work was supported by the Medical Research Council of 
Canada. The author gratefully acknowledges receipt of a Medical 


Research Council Fellowship for 1972-1973. 


awe o . 
: ere 1 
dost of afuberne yaud er al a 7 wl 
(on Tc amianueeuel > se fk 
soy. alt 8 sat) [rtd | Caen om 
adie: tas as, “ae 
pee ee zobindenadé! tena on 
taster aiAg at 


a ale 


ii ee ee i 
' 


7 iit ar oo aan fom 


ae “ae al 


a 


TABLE OF CONTENTS 


CHAPTER PAGE 
I INTRODUCTION 


SER eee) ne pee neem te Cyne Bes Ab 
De PNB ALIS HOt Liem oO ULION se cues Roane. a Sees es ] 
C. The History and Results of Potential 
OO UG OT SLID OWING. to bis tas ar he ake Este kt ae as a 
fhe MMM ECT AY ferns ans Adele > as: wc Sve: yak ee ee a ee ee ace ? 
Cag WARES RL SOMMPEY ESI. Vo. cs) Gee tgs getige gen ks ae tas Tks Oye as 6 
D. ahevObjectives:of the Projiectretion SF... . < 14 
II THE “ANATOMY. GG THE AVAGUS SNERVES "2 2evebee eee ce cle. 16 
dime LNG AM Ce LOMm VAGUS ele oo ec mu lier eater, tee 18 
Za ie MOSTOCTOl VaUUS Me: Saute) Semen, Sores ae ar, Oe, 18 


3. Physiological Distribution of the 
NeTo iat APM lope eel ee Map ayer sich AP he Cee alee 20 


IT] METHODS AND MATERIALS 


Az mhhe Mode Thames hry TOStS.« 6cu5 a0 gs ee ce ws ot wel at-e* a* 22 
Bis RO OCG |, WAMBIE Riley s qs esas ut ee ee gee hoe a otes oo ke 22 
WePnStageRia-EGontioh Tests cc. ge ee ele ces 22 
2. Stage II - Highly Selective Vagotomy. .... 24 
So emoage) FRG R Lo ek ai weet Cee gs Etat eve iene 24 
4. 2-Stage-IVelucese Studies. of. « v8 <<... omer 
Pas VAceteny ard eer dd ate. Pree aac tie ware ice 26 


: e. 
- 


- 


a 


. 
(oe ae 
a tn ae 
- . ' 10 au8AT 
‘?-3 7 


i A 


= @ & * <4 « lidar atl « B 
ae bone a oe phate: 203, To an eat a 


favdasso? to 23 furett = yras2ih. ast =I 


. * FF @ 


ses. * 


>" * 


ae + 


* * * 


* * 


- 


* *- * © 


> 
« - 


oo ohh ss anchtufae™ 
a en ee ee yrorerh f 
it . aw « BtueoR = A 


fastovs oft to 20vis7eqdo aAT 4a 

cg GAME WARY FHT 30 YWMOEAKA SUT 
Jziney Notrsink oT yt 

, 20g6Y rotate eT 8 


ot to yt Pua) ett. A aay ne € 


* 


~ * 


t 


2ARIATAM-OMA eanTat = ET 
os : ae are o* re $ bere eh we he fabott odT A 
7 ae 


gs waren tae 


I] 


re 


Operative Techniques. ..... Ary gece ee Jes 
hs General. .novad- ta hegtric Twit ee eee 
CIPESOUNAUCS LON. wiv eie Alyse N coe Ry men eciayt ececea ae ae 
Seen IV Se 1 Be CTVE VacO LOMV err GMs) geese tee tears 
FP SSCIOCTIVEVaAGOLOMY, semis 4 cermin Cech soe aimts obs 
eee yt LOGO MURS Vela bole Onell Smee Nas beavers ved vee be 
Tes Ging. Lachina Quest Gageetiorn <. <2. <<<) ts se ss 
Wee ECV Ole Mikey ies <0 sce ren esa den ceben tag ou oy Bis 
Pee GaS tac eempeying ne. 10 50 scene ee ae ae x 


3. Pentagastrin-Stimulated Secretion of 
NGL Ue ANGE Ie SWIM eR ctetee ee error etree Se eee etr atten e teuks 


AML PASUaH FP Tes US ee ee en eee ee ee eee e woes 


5. Pre-terminal Studies of Completeness of 
VAUOLOMVie. ie era as os ty ee ers ce eee 


Biochemical Analysis of Samples ........ : 
Te PHeNOPERECUEMOLYV.ING AleSES one 8 sue lee se. eens 
Pam SeCrecnon oS tol ao ee at aas arses ure a cil 
Sse D LGOGLCHETSLYYs LOSCS ou co cohc men eran ar, ane ae 
Brid }VS 1 aM Or PRESC TESS. O, MoM "Su M ie Sete ts ees at 
1G@Phene 1SRedstmptying Tests.*.*.*.°.%. "7.7." 
22 OS6CVELICN LOS LS mee sii shon-t 5 eet eee eta voeisnis 1 ie) hs 
Ser OSU WN WCS US oO. ees ee ats Peete ts ere 


4, 2-deoxy-D-glucose Studies of 
Completeness of Vagovomy sso seavs es 5 oe is 


x1 


ie 

PE x09 4 

a 
ii ee 

... » 2 © 


« * * * 


ee 8. 49% « 
Bi wwes 


Sect * pea - ohcrienaeii 


‘ 
s 
» 


ee bee 7 
ile pare en 


eeanétotqnod 10 penis tease a 
Fe ee ee ee ee hd ; 


gesaet > tt » Bias yidetiAD \boolt .E 


IV RESULTS 


A. Changes observed in Gastric Emptying of 


PRONG PREG oe er kv eG eae ss See tao tas ee ero Bae ee : 


1. The Effect of Highly Selective Vagotomy. ... 


2-lhe bifect of selective VagoLomv, ... 2 » . 
B. Changes Observed in Gastric Secretion of 

POOR ANORDCDS | hank el sual eae coe sald co heie stars 

TachonGeS ino Aetd SeCrerd OM: ame eer Laren hoere Sec, 
PE OUIIA ie Oils ROSULULS eee 5 weer ee arcs o. : gimne oe 


V DISCUSSION 


Avi Gastrictinptying. of Phenol Red2aye=... «9... 


1. After Highly Selective Vagotomy. ....... 


esrATtevi Se lective: Vagotomy Ase. .0.0 << 3 cP. 


BueGastric S&Cretioneot AC idnanderepsalin 0s cess ae 


LiemAClOSSCCOE TA Olam ae © ce ape ie nice tehtc ees abe aie eas 
ee PERS Me SeCreviOn pad. eer... eae as) end st 
S1DISCUSS TON LOI Lee INSU Nes CeReSUL GS ems ate 


4, The 2-deoxy-D-glucose/Neutral Red Test 
Oh COMD GLCNGSS tae ac uly is: pen (outed esta celeste areas 


Ghee Harsh Gon Rip th: Pe ae Ok Ae hon, hs re enon Ok. ee oy eas oie 


iw Oe Oe ae, See Or) Or) eS “EO EO: © 8 Oar 8 63 ee 0 e Sees e).8)) 8 8 oer 6 


¢ (6) .« le Fee 8. @ lee Bes (oe) 6h se se 86 6) 8 Oe et 8 se 8) 8 6 8 1 e 


x14 


- 


- 


228 325 


a 


see 


Pease 


—_ ee 
_ : 


= eT > on aye * SP) 


RO nodterige2 cial? nt 


a een i arr 


> es «' «= © © 


ala % Soe rinh ie ans 
ne 


ay falta oe 
ar eee 


_ AP { 

o« « cy = 6  * ea oer 
7» 4 7 ql 

a = , ALT 1 vi 

7 ee es 4. ’ * - Po us 4 


TABLE 


VII 


List OF TABLES 


Secretion Studies: Basal acid output 


Secretion Studies: Pentagastrin-stimulated 
maximal acid output 


Secretion Studies: Pepsin secretion 
The Insulin Test 


The Insulin Test: Basal acid output prior to 
injection of insulin 


The Insulin Test: Total acid output following 
insulin injection 


The 2-deoxy-D-qlucose/neutral red test of 
completeness of vagotomy with comparison to 
the final insulin test 


XP 


PAGE 


56 


58 
59 


6] 


62 


63 


64 


i io hoe. fnesd Fri | 
dt, “iatig. s0ydit0 ss ve aot a 
Kol To? seat w Tetot 

enn saa IT 


t nual: 
dna ia eiberthe 2 “_ gh-S ooT 
: - i a? ’ ' Pe FH { nd ] 


eg 


FIGURE 
] 


7a 


7b 


4c 


7d 


7e 


7f 


7g 


LIST OF FIGURES 


The differential distribution of vagal fibers 
to the abdominal viscera. 


The distribution of the vagus to the stomach. 
Outline of protocol. 

Highly selective vagotomy without pyloroplasty. 
Selective vagotomy with pyloroplasty. 


The "Nemesis" program for calculation of phenol 
red emptying. 


The gastric emptying of phenol red: Comparison 
of highly selective vagotomy to control. 


The gastric emptying of phenol red: Comparison 
of highly selective vagotomy with pyloroplasty 
TOSCOMLT ON). 


The gastric emptying of phenol red: Comparison 
of selective vagotomy to control. 


The gastric emptying of phenol red: Comparison 


of selective vagotomy with pyloroplasty to control. 


The gastric emptying of phenol red: Comparison 


of selective vagotomy to highly selective vagotomy. 


The gastric emptying of phenol red: Comparison 
of selective vagotomy with pyloroplasty to highly 
selective vagotomy with pyloroplasty. 


The gastric emptying of phenol red: Comparison 


of selective vagotomy with pyloroplasty to highly 
selective vagotomy. 


Xiv 


PAGE 


17 
19) 
a 
30 
Bie 


43 


48 


49 


50 


5] 


52 


53 


54 


zeit? Tepey Fo. aig atom) ae 


omnote add OF Ques ait Yo no tsudingeth ‘edt 
fozoterny ta sorta 


epee Tqaraiva tuedsiw ywotopey aviyoefor yldeint 
Nieatqoralys. Ath yrbsomey gvtias!se 


fensiy To. nofesfuciso vor aynoyn ieee wT - 


rahi ea i area 
noah 


tasqmad =: fonaiq + tad 
achive a ee i a ail 


Pe peng a Sha Pl ean ee ae 


CHAPTER I 
INTRODUCTION 
A. The Problem 


It is estimated that five to ten percent of the adult population 
of North America will suffer the symptoms of peptic ulcer at some 
period during their lifetime! Ultimately a certain proportion of these 
patients will require surgical treatment either for failure of conser- 


vative therapy or for the complications of their disease. 
B. The Aims of the Solution 


The "ideal" operation for the treatment of peptic ulcer, par- 
ticularly duodenal ulcer, must meet several criteria: 

(1) It must effectively reduce both the basal and the stim- 
ulated secretion of hydrochloric acid by the stomach - permanently. 
It is widely believed that such a reduction of acid output will 
ultimately allow the ulcer to heal; 

(2) It must conserve the maximum amount of otherwise healthy 
uninvolved tissue according to the basic surgical concepts of Halstead; 

(3) The tissue preserved must function as physiologically 
normal as possible after operation in order to prevent sequelae due to 
the operation per se; 


(4) It must be relatively simple to perform in a uniform 
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manner from patient-to-patient, and; 


(5) It must have a low morbidity and mortality rate. 


The search for such a "Utopian" procedure has occupied the 
minds of gastric surgeons and researchers for over a hundred years and 


still continues in earnest today. 


C. The History and Results of Potential "Solutions" 


Ve dlistory 
a. The Early Attempts 

Prior to the turn of the last century, the operative treatment 
of peptic ulcer was almost entirely resectional. Many immutable 
contributions were made to gastric surgery during this era, particularly 
by Professor Theodor Billroth and his students. Although these tech- 
niques were practiced as late as the 1940's, the results were dissat- 
isfying because of high rates of morbidity and mortality. They are 
mentioned briefly only for completeness and will not be discussed 


further. 


b. The History of Vagotomy and Drainage 

It was Sir Benjamin Brodie in 1814 who first noted a profound 
gastric secretory response following vagal nerve stimulation. This was 
subsequently confirmed by Claude Bernard (1858) who also observed a 
depression of gastric secretion after division of the vagus nerves in 
the laboratory animal. Bernard's observations were also confirmed by 
other physiologists, notably by Pavlov (1910). 


One of the earliest descriptions of transabdominal vagotomy 
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is attributed to Exner and Schwartzmann (1914). The indications for 
these early procedures were usually functional gastrointestinal disease 
or tabetic crises and they were crude indeed, often incomplete, seldom 
uniform and by-and-large performed without cognizance of the actual 
physiologic effects to be expected. It is interesting, however, that 
even at this early stage, the atonic effects of vagotomy were recorded 
and successive authors reported complementary drainage procedures 
(Latarjet, 1922 - pylorectomy; Schiassi, 1925 - gastroenterostomy; 
Winkelstein and Berg, 1938 - partial resection). 

This early work went unheeded until 1943 when Dragstedt and 
Owens reintroduced the concept of total vagal denervation of the 
Stomach and its beneficial effect on healing of duodenal ulcers. There- 
after vagotomy became, and has remained, an essential part of the surgical 
treatment of acid-peptic disease. 

In the 1940's and early 1950's however, it was generally felt 
that truncal vagotomy alone was unsatisfactory because of severe gastric 
stasis resulting from the loss of coordinated motor function of the 
antrum and pyloric sphincter spasm. As well, the rate of recurrent 
ulceration, particularly gastric, was high. The addition of some type 
of procedure to drain the denervated stomach was obviously necessary 
and led to such combinations as vagotomy and gastroenterostomy 
(Dragstedt, 1947); vagotomy and pyloroplasty (Weinberg, 1956); vagotomy, 
segmental resection and pylorotomy (Wangansteen, 1959); and the 

"combined physiological operation” of vagotomy, antrectomy and gastro- 
duodenos tomy (Harkins, 1960). 


The addition of these drainage procedures, while solving 
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problems on the one hand, served also to create whole new classes of 
complications on the other. The "Dumping Syndrome" was generally 
ascribed to rapid passage of carbohydrate-rich fluid into the upper 
small bowel because of the loss or destruction of the pylorus. Post- 
gastrectomy weight loss, loss of the reservoir function of the stomach, 
and vitamin B,5 deficiency anemia are now well recognized. Moreover, 
any drainage procedure increases the incidence of morbidity and mortality 
due to the inherent possibility of suture-line leakage or breakdown. 
Even an apparently simple procedure like pyloroplasty carries an 
increased risk to the patient if mechanical problems such as ulceration 
on the anterior wall, duodenal cap scarring, or difficulty in mobilizing 
the duodenum are encountered by the surgeon. 

As experience with total truncal vagotomy increased, complications 
other than gastric inertia were recognized. Post-vagotomy diarrhea was 
ascribed to denervation of the small intestine concomitant with gastric 
denervation but this opinion was far from universal. Considerable dis- 
agreement raged even to its exact incidence with some reports (Harkins 
et al, 1963) quoting a frequency of nearly 70% of all patients under- 
going the truncal operation. Post-vagotomy atrophy of the mucosa of the 
stomach and small intestine was also soon recognized. The latter was 
often given in account as the cause of the sprue-like syndrome which 
followed truncal vagotomy. 

Post-truncal vagotomy biliary stasis has also been reported 
(Johnson and Boyden, 1952) and Reynolds, in a personal communication 
to Dr. C. Griffith, 1961 (quoted by Harkins and Nyhus, 1962) noted a 


"definite increased incidence of gall stones after vagotomy" in a 
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careful review and long-term followup of post-vagotomy patients. 
Obviously, the ideal operation had not yet been found. 

In 1948, Franksson of Sweden, and Jackson of the United States, 
independently evaluated the operation of selective vagotomy. This 
operation was designed to denervate only the stomach and to preserve 
vagal supply to the remainder of the upper and middle parts of the 
gut. No drainage procedure was used initially in these series and 
the results were consequently disappointing when gastric inertia 
occurred postoperatively. Franksson soon abandoned the procedure 
in favor of subtotal resection. 

Interest in selective vagotomy was revived in North America by 
Dr. C.A. Griffith of Seattle who has reported exhaustive trials, both 
experimental and clinical, based on a thorough understanding of the 
surgical anatomy of the intra-abdominal vagus (see Chapter II). 

The rationale behind the introduction of selective vagotomy 
was carried a step farther when, in 1957, Griffith and Harkins 
introduced the operation of "partial gastric vagotomy". This procedure 
known alternatively by a host of synonyms [highly selective vagotomy, 
parietal cell (mass) vagotomy, proximal gastric vagotomy, acid-fundic 
vagotomy, etc. ], involves sectioning of only those vagal fibers that 
pass directly to the parietal cell, acid-secreting part of the stomach, 
and preserves intact not only the hepatic and celiac divisions of the 
vagal trunks (apropos selective vagotomy) but also the vagal inner- 
vation to the antrum (the anterior and posterior nerves of Latarjet). 
It was hoped that preservation of the nerve supply to the antrum 


would maintain the coordinated muscular activity necessary for normal 
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emptying and so prevent the morbidity associated with mandatory 
complementary drainage procedure. 

"On the drawing board", highly selective vagotomy approached 
the "ideal". Anatomically and physiologically it made sense because 
only that part of the stomach responsible for acid secretion was 
denervated - that part responsible for normal emptying was left 
undisturbed. Moreover, no tissue (other than nerves) was resected 
and if the theory was correct, postoperative acid secretion should 


have been reduced and emptying should have been preserved. 


2. Results 
a. Selective Vagotomy 

Following its reintroduction in 1957, this operation underwent 
extensive clinical trials by many authors. According to Griffith, the 
main advantage of selective vagotomy over truncal vagotomy is the degree 
of "completeness" of vagal denervation achieved (Griffith, 1967). This 
premise was borne out by a number of reports which compared the results 
of postoperative insulin tests in controlled series of selective versus 
truncal vagotomy. Kraft et al (1962) reported a 5% incidence of 
positive (both early and late) insulin tests after selective vagotomy 
compared with twice that incidence (10%) for truncal vagotomy. A 
similar trend (lower incidence of positives after selective than after 
truncal) was reported by the authors of two exhaustive, randomized and 
prospective comparative studies of the two operations (Sawyers et al, 
1967; Kennedy and Connell, 1969). 

A study similar in design was reported by Mason et al (1968) in 


which a higher incidence of positive insulin tests followed selective 
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vagotomy, thereby casting some doubt on Griffith's contentions. An 
interesting point was raised therein by the authors and warrants 

some comment here. Initially, this particular trial was randomized 
but the protocol was soon abandoned in the light of a very high early 
incidence of incomplete results (positive insulin tests), almost 38%. 
It was felt that the surgeons involved in the study needed more 
technical experience with the selective operation which they then 
proceeded to obtain. Thereafter, in the latter part of the study 
the incidence of positive post-selective insulin tests dropped to 
18.2%, causing the authors to suggest that surgical experience is 
_important in achieving completeness of vagotomy with the selective 
technique. 

Although there appeared to be general accord with Griffith's 
views concerning "completeness", there were reports of fairly high 
rates of positive insulin results after selective vagotomy, varying 
from 23 to 41% (Sawyers et aZ, 1967; Mason et aZ, 1968; Kallehauge and 
Amdrup, 1969; Dignan, 1970; Kronborg et aZ, 1970; Coupland and 
Cumberland, 1971). These results must be viewed in the light of 
considerable non-uniformity between series in terms of surgical 
experience (as above) and indications for surgery, the type of drainage 
employed, the technique and criteria of interpretation of the insulin 
tests, length of followup, etc. 

A second advantage of selective vagotomy over truncal vagotomy 
soon came to light - the incidence of post-vagotomy diarrhea appeared 
lower. This was naturally ascribed to preservation of small intestinal 


innervation via the celiac branch and was a common feature of any 
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report of comparative trials (Kraft et aZ, 1962, 1967; Smith and 
Farris, 1963; Harkins et al, 1963; Sawyers et aZ, 1967; Scheinin and 
Inberg, 1967; Dignan, 1970; Inberg, 1970; Kronborg et aZ, 1970). 
Selective vagotomy appeared to be as effective as truncal 
vagotomy in reducing basal and maximal acid outputs in the few trials 
where acid studies were undertaken. Kraft et al (1962) demonstrated 
a reduction in 12-hour overnight acid secretions from 43 mEqg/12 hours 
to 4 mEq following truncal vagotomy and from 56 mEq/12 hours to 5 mEq 
following selective vagotomy. Sawyers et aZ (1968) employed the same 
test and reported that 80% of their truncal vagotomy patients were 
anacid postoperatively compared with 84% of their selectively 
denervated patients. Using the augmented histamine test, four groups 
of investigators (Mason et al, 1968; Kallehauge and Amdrup, 1969; 
Dignan, 1970; Kronborg et aZ, 1970) reported nearly identical results - 
both truncal and selective vagotomy reduced postoperative maximal acid 
outputs to histamine to about 60% of its preoperative value, and there 
was no significant difference between the two procedures in this regard. 
A consideration for the future of this operation is an 
observation of a potential advantage that grew out of experimental 
examination. Shiina and Griffiths (1969) in evaluating selective 
vagotomy without drainage in dogs with Heidenhain pouches, noted a 
slight increase in pouch secretion postoperatively. This increase 
was doubled when the same animals underwent truncal vagotomy, even 
though the (subjective) degree of gastric retention was the same. 
These results were subsequently confirmed in another series in which 


the dogs had previously undergone pyloroplasty (Everett and Griffith, 
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1970). These results confirmed earlier observations by Landor (1964) 
and similar observations by Stening and Grossman (1970). Griffith 
postulated that preservation of the hepatic and celiac vagi somehow 
had an inhibitory effect (intestinal, humoral?) on gastric secretion, 
which was lost by total vagal division (Griffith, 1969). This concept 
has yet to be substantiated, but if true, would certainly add to the 
advantages of selective over truncal vagotomy. 

There are several disadvantages to the selective operation. 
Postoperative gastric inertia has already been mentioned, and most 
authors have combined the operation with their "favorite" drainage 
procedure. 

The most disturbing problem after selective vagotomy is a 
high incidence of the dumping syndrome. Reports of its frequency 
range from 19 to 39% compared with 8 to 29% for truncal vagotomy 
in the same series (Harkins et al, 1963; Smith and Farris, 1963; 
Kraft et al, 1967; Sawyers et aZ, 1967; Kronborg et aZ, 1970). 
Whether this complication can be ascribed to the vagotomy or to the 
drainage procedure employed is conjectural, and no satisfactory 
explanation for its occurrence has been advanced. Burge et aZ (1969) 
have undertaken a trial of bilateral selective vagotomy without 
drainage in patients with minimal or no duodenal narrowing in an 
attempt to reduce the incidence of the dumping syndrome. They 
report encouraging early results and state that "the degree of 
retention after operation is no greater in those patients with 
selective vagotomy without drainage and without organic stenosis than 


in those with selective vagotomy and pyloroplasty". Results of long- 
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term followup studies in these patients have not yet been reported 


and are awaited with anticipation. 


b. Highly Selective Vagotomy 

",... highly selective vagotomy without drainage is the first 
operation in the history of gastric surgery to leave the patient quite 
free from the sequelae we all know so well". 


- H. Burge, 1972. 


Of all the operations devised to date for the surgical treat- 
ment of peptic ulcer, highly selective vagotomy most closely approaches 
the "ideal". It appears to be as effective as truncal or selective 
vagotomy in reducing postoperative acid secretion. Average basal acid 
output is reduced by a range of 40 to 97.3% in different series and 
reports of pentagastrin-stimulated maximal acid output quote a 
decrease ranging from 51 to 72% (Amdrup and Jensen, 1970; Johnston 
and Wilkinson, 1970; Wilkinson et aZ, 1972; Imperati et al, 1972; 
Kragelund et al, 1972a&b; Johnston et aZ, 1973a). Similar results are 
reported for histamine-stimulated postoperative secretion (Bombeck 
et al, 1970; Miller et aZ, 1971; Hedenstedt et aZ, 1972). Johnston 
of Leeds, England, and Amdrup of Copenhagen, Denmark, have recently 
published a report (Johnston et aZ, 1973a) in which 63 patients were 
studied more than one year after highly selective vagotomy. Basal 
acid output was reduced by 80% from preoperative levels and maximal 
pentagastrin-stimulated output by 55% in these patients. During the 
first postoperative year, these values tended to fluctuate but those 


last reported were considered permanent. 


Lisp =) et 


Spiced eaeeannaane 
otoy arstien ot sues? ox ine Sreck 10 (ooo st nt eHANDD # 

"fae tre viens: F Fo ss conscalanet ie < = 

» : : 

ri 


“¥eord Fastawe odd yot seb bacivel snokvedaqo aft is %O fe 
eutsaorqns es2et> 320" vind Qpey avitoulon xfdptd cote stsqsg Ye pen | ; 


* | 
ditasetor ag Torttat 25 Svriastts ca odd euneaga I! etpsor" sit 
AL Bie 7 
biss lozsd epevevh dokigines bis svisivsqpdeog pitouhen wt ynoTOREV . 


has 2oris2 Zhorete Ph af SEIKO O2-0N Th’ Syne 6 yt baoebsy af arr 78 


ovel sows . wR ~ 


& stoup Juqioo btay Temi xen bat shuuit2-nis7eapsoneg Yo errogs 7 
sieihc ‘soret asenal. bre nasa) 2X oF fe matt sine sant 
ste ao 23 testaqat axe! Jp ze foal te ret «en 
pte efivess yerimt2 faerer ft) 2 eaenhOt, <AlRASKET Js as 
domains) petseeiae avis eratea20q bate {untde-anbmstaid at 
a 

noxeaiot <SNBS ab ateabet “feet pee 
‘ef itiober ved chesmien nagehnaged Yo ainbak bos aa 
aechonge seiner eto $e Lyng! 


trap 3 4 a 


: 
% 
: 

a 


=) 


1] 


In the only study reported of postoperative pepsin secretion, 
Johnston and Wilkinson (1970) reported a 51% decrease in patients tested 
three months after surgery. 

In their original experimental introduction of the procedure, 
Griffith and Harkins (1957) reported that "in no instance was gastric 
Stasis as marked following partial gastric vagotomy as it was following 
total vagotomy". Subsequently, several groups, using a variety of 
techniques (mostly radiological), have reported no change in postoper- 
ative motility or emptying (Amdrup and Griffith, 1969; Interone et al, 
1971; Kragelund et aZ, 1972). Others reported a slight increase in the 
rate of gastric emptying (Clarke and Williams, 1971; Kelly and Kennedy, 
1971; Hedenstedt et al, 1972) while Imperati et aZ (1972) report that 
8% of their patients had minimally delayed postoperative emptying. 

Is highly selective vagotomy effective in completely denervating 
the parietal cell mass? If the early results of the insulin test are 
used as a criterion, then the answer is yes. Postoperative insulin 
tests judged by various criteria were negative in 65 to 100% of 
patients in different series (Amdrup and Jensen, 1970; Johnston and 
Wilkinson, 1970; Amdrup and Kragelund, 1971; Wilkinson et al, 1971; 
Johnston et al, 1972; Wastell et aZ, 1972; Johnston et al, 1973), 
thereby indicating a high rate of "completeness". 

As suggested by Burge, the operation appears to be remarkably 
free of postoperative sequelae. Humphrey et al (1972) evaluated 
patients from the Leeds group in a study of the incidence of dumping 
and diarrhea after highly selective vagotomy and compared the rates 


to other patients (non-randomized, retrospective) who had undergone 
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truncal or selective vagotomy. Subjectively, they found that only 

6% of patients complained of symptoms suggestive of the dumping 
syndrome one year after highly selective vagotomy without drainage 
compared to 20% after truncal vagotomy with pyloroplasty and 34% after 
selective vagotomy, also with pyloroplasty. Fifteen "representative" 
patients from each group were then fed a meal of hypertonic glucose 
following which 47% of patients with highly selective vagotomy had 
Symptoms compared with 73% and 80% for truncal and selective vagotomy 
respectively. 

In a study of the frequency of diarrhea in the same groups of 
patients, Humphrey et aZ (1971) reported spontaneous symptoms in 
2% of patients after highly selective 20% after truncal and 18% after 
selective vagotomy. The incidence of "urgent" diarrhea following the 
oral hypertonic glucose meal was 13%, 66% and 60% respectively. 
Hedenstedt et aZ (1972) reported "no troublesome diarrhea or dumping", 
and Amdrup and Jensen (1970) reported no diarrhea after operation in 
their first 22 patients. 

The operative mortality rate of the procedure is low. Holle 
(1969), in a report of 171 cases followed for more than seven years, 
quotes an over-all mortality rate of 1.75%. If only elective cases were 
considered, the mortality rate dropped to zero. Moreover, his recurr- 
ence rate was a mere 0.5%. 

Interone et aZ (1971) demonstrated that dogs that had undergone 
highly selective vagotomy required four times as long to develop gastro- 
duodenal ulceration in response to daily injections of histamine in 
beeswax as did normal animals, or animals that had undergone selective 


vagotomy or antral denervation alone. 
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These results so far presented form convincing evidence for 
the validity of highly selective vagotomy in peptic ulcer therapy. 
However, there are drawbacks which have prevented its universal 
acceptance. Many surgeons argue that the procedure is tedious and 
time-consuming. There is, in addition, an on-going debate about the 
necessity for routine complementary drainage. Experimentally, some 
authors (Griffith and Harkins, 1957; Amdrup and Griffith, 1969; 

Kelly and Kennedy, 1971; Interone et aZ, 1971) feel such drainage is 
not mandatory, whereas others (Klempa et aZ, 1971) feel that motility 
is impaired enough to warrant such a procedure. 

Clinically, the same controversy exists. Several groups 
(Johnston and Wilkinson, 1969; Amdrup and Jensen, 1970; Clarke and 
Williams, 1971; Burge, 1972) do not routinely employ drainage 
while others (Bombeck et aZ, 1970; Wastell et al, 1972; Holle, 1969; 
Miller et aZ, 1971) argue in favor of such a procedure. 

Highly selective vagotomy appears to reduce the neural 
component of gastric secretion, but not the hormonal. Amdrup and 
Griffith (1969) reported a 47% increase in Heidenhain pouch secretion 
after postoperative insulin stimulation, a response which was abolished 
in a subsequent series of antrectomized dogs. They ascribed this 
to increased levels of circulating gastrin as a result of a decreased 
antral inhibition of gastrin release by acid. This assumption was 
recently proved correct by Jaffe et al (1972) who demonstrated a 
two-fold increase in circulating gastrin in patients in a basal state 
following highly selective vagotomy. The significance of this elevated 


hormone level remains to be determined. 
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By far the most perplexing observation following highly selective 
vagotomy is the high rate of reversion of onco-negative early post- 
Operative insulin tests to positive in patients tested 3 to 12 months 
or more after their surgery. Amdrup and Kragelund (1971), reporting 
on 110 patients of which 97% were originally negative, found a 
reversion-to-positive rate of 57% (including both early and late positive 
responses) in only 55 of those same patients retested a year later. 
Hedenstedt et aZ (1972) reported a 45% increase at one year, and 
Johnston et al (1973b) have recently reported a 51% rate. All these 
authors are quick to point out that although the test is positive, the 
rates of acid secretion remain low. For instance, Johnston's group 
notes that the insulin-positive patients secreted 3.9 mEq/hour of acid 
on the average under insulin stimulation a year after surgery compared 
with 33 mEq/hour preoperatively. This high reversion rate has been 
generally ascribed to vagal reinnervation of the parietal cell mass but 
direct anatomical evidence for this assumption has not yet been 


published. 


D. The Objectives of the Project 

With all this background knowledge just presented in mind, 
this project was undertaken to attempt to answer the following 
questions: 

(1) Does highly selective vagotomy effectively reduce both 
basal and maximal acid secretion and pepsin secretion from the stomach? 

(2) What are the changes, if any, in gastric emptying following 
highly selective vagotomy - is emptying in fact maintained so near- 


normal that the routine exclusion of a complementary drainage 
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procedure is justified? 

(3) Is highly selective vagotomy effective in completely 
denervating the entire parietal cell mass? 

(4) What are the changes invoked in emptying and secretion 
by selective vagotomy with or without pyloroplasty, and 

(5) Would the changes observed after conversion of a highly 
selective vagotomy to a selective vagotomy allow some insight into the 


physiological function of the nerve supply to the antrum? 
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CHAPTER II 


THE ANATOMY OF THE VAGUS NERVES 


Performance of selective or highly selective vagotomy depends 
on a knowledge of the anatomy of the distribution of the tenth cranial 
nerve(s) to the abdominal viscera. To the anatomical purist this is 
a complex subject and in this discussion, the finer points concerning 
the variabilities of structures and relations will be sacrificed for 
a simpler understanding of the more constant aspects. 

The abdominal vagal trunks (in the dog) are composed of about 
35,000 fibers in total, 90% of which are afferent (sensory) and only 
10% are efferent (motor). Approximately 65% of all the fibers which 
pass through the esophageal diaphragmatic hiatus are destined for the 
stomach (unpublished data, quoted by Harkins et al, 1963) (Fig. 1). The 
remainder of the fibers are distributed by the hepatic (10%) and the 
celiac (25%) divisions (see below) to most of the remainder of the 
gastrointestinal tract. 

Below the pulmonary hilae, the right and left vagus nerves 
divide and reunite to form the peri-esophageal vagal plexus. Usually 
just above the diaphragm, two or more large nerve trunks emerge from 
this plexus to pass through the esophageal hiatus into the abdomen. 
The "right" vagal trunk (right and left are used hereafter to refer to 
anatomical position, not origin since either trunk is known to be 
composed of fibers from both the right and left tenth cranial nerves) 


usually lies posterior to the esophagus in the hiatus and the left 
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trunk anterior, a position which is somewhat variable. 


1. The Anterior Vagus 


At the level of the esophageal hiatus, the left or anterior 
vagal trunk gives off the hepatic division (one or more branches) which 
passes to the right and courses anterior to the caudate lobe of the liver 
high in the lesser omentum to the porta hepatis (Fig. 2). At this level, 
a small twig or twigs descend(s) to innervate the pyloric region - the 
pyloric branch. Mitchell (1941) claims these pyloric branches are 
invariably supplied by the anterior vagal trunk only as the terminal 
gastric branches of the posterior system fail to reach the pylorus. 

After giving origin to the hepatic division, the anterior 
trunk continues as the anterior nerve of Latarjet and passes inferiorly, 
closely applied to the lesser curve of the stomach, past the incisura 
angularis to end by division into terminal branches in the antrum. To 
the left of the nerve of Latarjet, most frequently arising from it but 
occassionally arising directly from the anterior vagal trunk, pass the 
gastric branches (4 to 10 in all) to the parietal cell mass of the 
stomach. These branches may run in association with terminal branches 
of the left gastric vessels or lie independently on the surface of the 
stomach before penetrating the gastric musculature at about the junction 


of the medial 1/3 and lateral 2/3 of the stomach. 


2. The Posterior Vagus 


The posterior vagal trunk is notoriously variable in its 
position within the esophageal hiatus (Harkins et al, 1963) but at the 


level of the left gastric artery on the posterior surface of the 
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Figure 2 The distribution of the vagus to the stomach 
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Stomach its position is constant. It is here that the large celiac 
division begins and descends posteriorly in association with the left 
gastric artery to the celiac plexus from whence it is distributed 

to the remainder of the embryological foregut and the entire midgut. 
The remainder of the posterior trunk comprises the posterior nerve of 
Latarjet which is distributed in a like manner to its anterior 


counterpart. 


Stavney et aZ (1963) undertook a study of the vagal distribution 
of the gastrointestinal tract by measuring mechanically the changes in 
‘motility invoked by electrical stimulation of various vagal components. 

Simultaneous stimulation of both vagal trunks increased 
motility all the way down to the right ascending colon, including stomach, 
duodenum, gallbladder, jejunum and ileum. 

Following selective vagotomy (gastric branches cut, hepatic and 
celiac branches intact), only the response in the stomach was lost. On 
another preparation, if only the gastric branches were stimulated (no 
distinction was made between gastric branches per se and the nerves of 
Latarjet to the antrum) the response was localized to the stomach and 
proximal duodenum. 

Stimulation of the hepatic branch produced increased motor 
activity of the gallbladder and proximal duodenum (presumably via the 
pyloric branch) only. Celiac division stimulation invoked changes in 
the proximal and distal duodenum, the entire small bowel and the 
ascending colon. In addition, marked changes were seen in the gall- 


bladder, a result the authors ascribed to artifactual duodenal 


norsudtateib ranne wi Yo Voude es Jootrelaw (C881) io eave a i 


aa denr ok tab aia sSeisa209 iF 
drat ‘ade istw natyotooa2n nb v(sotiabeen 2 , 
bedudindath ot 2 soosilé nev? auasta astien's ; ae i 
_foghin eviing ort brs tupaybt feb teatousdiie arty, to.1abe een: OF ae 
Yo syren yoltatzan ant eset mos Acne Ho Predpen att t0 ante oT 


sgiandas 2c¢ ot wane offi i5 Ar panidenathe at oe 


Seton sts, ce. Ig abdul! Ima tnahet ‘ _ 


nf vapnasto oft ul Tao ineioan pofuvesan yd Joers lacttenmetonsany 8 o _ 
.2inomonrins Tipay avortav Te nol valwatse fastitosia yl bewewnt yotT ee, aU, 
hoagcaoant eiduos lepov diod to antes omete ayoonnd Fut. ; a 


loemote pattel oat “ an nribaeses sigts and woh you ons fhe mm 


just thas mitutet. 1b df fap | - 

ee 
bua Fteqed ,fua zartoinird atutesp} yratongy' evitosise stolen. ta “al 
OO Apt 25 viomtpd 2) oii) nt sahbqeet st? vind .(2oetmt 2arlanesd seRbRa)- 


7 26090 SAY Gnseen “mc seronerd aindenp sogmded obhm anv 
bre Asanot2 ai ay betticoos 26w s2n0qre1 ad ald 


var WlawowsnT Ssoubo39 Hons Siaqan adit vi nasal’ 
ee vat fasta bag. re 0) 


21 


contraction. This finding could probably better be explained by 
Mitchell's (1941) demonstration that some fibers of the hepatic 
division may be contributed by the posterior system. 

McCrea (1924-25) and Mitchell (1941) both demonstrated after 
dissection of several species that the anatomic distribution of the 
vagus in the dog and man is similar, so one is apparently justified 


in drawing conclusions based on studies in either species. 
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CHAPTER III 
METHODS AND MATERIALS 


A. The Model 


The dog has traditionally served as the model for investigation 
of gastrointestinal secretion. Of more importance in its choice for 
this project was the demonstration of McCrea (1924-25) and later by 
Mitchell (1941) that the anatomic distribution of the vagal system 
in the abdomen of the dog was analogous to the human. 

Ten healthy adult mongrel dogs (eight female, two male; average 
weight 24.9 kg) were used throughout the entire project. They were 
housed in the Health Sciences Vivarium at the University of Alberta 
and were allowed outside in specifically designed runs for daily 
exercise. Each was fed a standard diet of one can of Dr. Ballard's 
Champion commercial dog meat per day. Water was given ad libttum. In 
addition, they received supplemental salt and occasional supplemental 


vitamins per os. 


B. Protocol 


This project was executed in five stages (Fig. 3): 


Vee ted = Control 


All ten animals underwent a left lateral cervical esophagostomy. 
Following recovery, control measurements of gastric emptying and basal 


and stimulated secretion were performed. As well, a "control" insulin 
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STAGE I 
CONTROL - 10 DOGS 


- esophagostomy 

- control measurement of gastric 
emptying and secretion 

- pre-operative insulin tests 


Y 
STAGE II 
HIGHLY SELECTIVE VAGOTOMY - 10 DOGS 


- repeat emptying and secretion 
tests post-op 
- post-op insulin tests 


| 
J STAGE III | 


a) PYLOROPLASTY - 5 DOGS b) SELECTIVE VAGOTOMY - 5 DOGS 
- repeat emptying and - repeat emptying and secretion 
secretion tests post-op tests post-op 
- post-op insulin tests - post-op insulin tests 
y : + 
STAGE IV 
a) SELECTIVE VAGOTOMY - 5 DOGS b) PYLOROPLASTY - 5 DOGS 
- repeat emptying and - repeat emptving and secretion 
secretion tests post-op tests post-op 
- post-op insulin tests - post-op insulin tests 
STAGE V 


PRE-TERMINAL STUDIES OF COMPLETENESS OF VAGOTOMY 


Figure 3 Outline of Protocol 
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test was done on each animal prior to Stage II surgery. 


2. Stage II - Highly Selective Vagotomy 


The same ten dogs from Stage I were subjected to highly 
selective vagotomy using the technique described below. Following 


recovery, the tests of emptying and secretion were repeated. 


Seo cadegl L! 

Prior to Stage III surgery, the ten animals from Stage II 
were randomly divided into two groups. 

The choice of operation for each group (either selective 
vagotomy or pyloroplasty) was also made at random. 

The five animals in Stage IIIa underwent a pyloroplasty in 
an attempt to provide evidence to resolve the dispute as to whether 
or not a routine complementary drainage procedure was necessary after 
highly selective vagotomy. Following recovery, the tests of emptying 
and secretion were repeated. 

The other five animals, assigned to Stage IIIb underwent a 
selective vagotomy. This stage allowed comparison of highly selective 
vagotomy without drainage to selective vagotomy without drainage. In 
addition, it allowed insight into the physiological function of the 
nerves of Latarjet to the antrum by studying emptying and secretion 


before and after these nerves were sectioned. 


4, Stage IV 


Stage IV was also divided into two parts - a and b, and 
represented a direct continuation of Stages III - a and b, respectively. 


The rationale for Stage IV was similar to Stage IIIb in that 
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it provided evidence in regard to the function of antral innervation. 
It also created another category of operation for comparison, that of 
selective vagotomy with drainage. 

Stage IVb was designed to test whether or not complementary 
drainage was necessary with selective vagotomy and to provide additional 
data on the operation of selective vagotomy with drainage. 

It was during Stage IV that a deviation from the protocol was 
necessary. Testing following Stage IIIb indicated that in three of the 
five dogs, denervation of the antrum was probably incomplete. After 
discussion it was felt it would be wiser to alter the protocol to 
ensure completion of Stage IIIb rather than to proceed to Stage IVb in 
these particular animals. Consequently, those three "incompletely 
denervated" animals underwent laparotomy in Stage IVb to determine 
whether residual innervation to the antrum had been left at Stage III 
surgery. In one dog, both anterior and posterior nerves of Latarjet 
were found intact. In the other two, only one nerve in each dog was 
intact, both anterior. The remaining two animals in Stage IVb under- 
went pyloroplasty according to the original protocol. All five 
animals in Stage IVa were selectively vagotomized. 

By the end of Stage IV, there existed four combinations of 
denervation with/without drainage operations: 

1) highly selective vagotomy without drainage - 10 dogs 
2) highly selective vagotomy with pyloroplasty - 5 dogs 


) 
) 
3) selective vagotomy without drainage - 5 dogs 
4) selective vagotomy with pyloroplasty - 7 dogs 
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5. Stage V - Pre-terminal Studies of Completeness of Vagotomy 


The final stage consisted of a simple test (see below) to 
determine whether or not any residual innervation remained to the 
parietal cells of the stomach. Following completion of this stage, 


all ten animals were sacrificed. 


C. Operative Techniques 


1. General 

Prior to each surgical procedure, the animals were fasted 
overnight. They were transported from the Vivarium to the operating 
room in cages. One half hour prior to induction of anesthesia, each 
animal received an intramuscular injection of 2 cc of a potent 
tranquilizer, acepromazine maleate (Aceprozine, Webster Laboratories 
Ltd., Toronto). 

Anesthesia was induced by inhalation of 5% halothane (Fluothane, 
Ayerst Lab.) delivered with compressed air at five litres per minute 
administered via a VMS-Fraser Sweatman anesthetic machine. The 
anesthesia circuit was semi-closed and incorporated a soda-lime C05 
absorber. Maintenance was achieved at concentrations of halothane 
varying between one and two percent at a flow rate of two litres 
per minute. This system was ideal and provided rapid induction, 
satisfactory maintenance and muscle relaxation and rapid recovery. 
No anesthetic complications were encountered at any time during the 
project. 

Following induction of anesthesia, the dogs were placed 


supine on the operating table and shaved. The skin was then washed 
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with green soap and prepped with an organic iodine solution (Betadine, 
Purdue, Frederick Co. Ltd.) 

All operative procedures were performed under aseptic conditions 
including sterilization of instruments and the use of masks and gloves 
by the operating team. 

Intravenous 5% dextrose in saline (500 cc) was administered 
during intra-abdominal operations and 4 cc of a long-acting penicillin 
(Derapen, Ayerst Lab.) was given intramuscularly at the end of each 
procedure. 

Following recovery from anesthesia the animals were returned 
to the Vivarium where food and water were withheld for 48 hours. On the 
first postoperative day each dog received 500 cc of 5% dextrose in 
saline by subcutaneous clysis and thereafter diets were advanced 


back to meat over the course of the next five days. 


2. Esophagostomy (One-stage Cervical) 


A 5 cm incision was made in the natural skin fold to the 
left of the trachea, the upper end at the level of the cricoid cartilage. 
This incision was deepened to expose the sterno-cephalicus muscle 
which was retracted laterally to enter the loose fascial plane between 
the trachea medially and the carotid sheath laterally. The cervical 
esophagus was then easily palpable and a Babcock forcep was used to 
grasp it. This manoeuvre was facilitated by the presence of a length 
of 3/8" 0.D. tubing passed through the pharynx down the esophagus after 
induction of anesthesia. 

The recurrent laryngeal nerve was identified and dissected free 


prior to placement of the Babcock. The esophagus containing the tube 
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was then elevated upwards into the skin incision where 6-8 sutures of 
3-0 Mersilene (Ethicon) were used to anchor it to the subcutaneous 
fascia of the neck. 

A 2 cm incision was then made through all layers of the 
esophagus between the shanks of the Babcock which was then removed. 

Completion of the esophagostomy consisted of a continuous suture 
of 3-0 Dexon (Davis and Geck) joining esophageal mucosa to the 
margins of the middle third of the skin incision. Two simple absorbable 
sutures of Dexon were then used to close the remainder of the skin 
incision. 

No problems whatever were encountered with this single-stage 
procedure. The esophagostomy remained patent and free of infection 


for the 28 week duration of the project. 


3. Highly Selective Vagotomy 

Under general anesthesia, the abdomen was opened in the midline 
from xiphisternum to umbilicus. The falciform ligament was excised to 
provide a good fascia-to-fascia closure later. 

The general technique used was that reported by Johnston and 
Wilkinson (1970), with several modifications. 

No attempt was made to exactly delineate the antral-fundic 
border. Recently (Johnston et az 1973a&b) in the report of the 
combined results of the Copenhagen/Leeds trials, in which the Copenhagen 
group used a pH electrode or an intragastric spray of Congo Red dye 
after stimulation of acid secretion by intravenous pentagastrin to 
define this border, while the Leeds groups used none. There was no 


apparent difference in their results so our decision to avoid this 
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time-delaying procedure appeared to be justified. 

The incisura angularis of the stomach was used as the 
anatomical landmark of this boundary and, following the usually easy 
identification of the anterior nerve of Latarjet, denervation was begun 
at this level and proceeded proximally (Fig. 4). 

It must be stressed at this time that great care was taken 
to avoid unnecessary handling of the nerves of Latarjet either by 
excessive traction or by direct instrumental manipulation of the nerve. 
Reference to this "no-touch" technique will be made later in the 
Discussion. 

Along the anterior (and posterior) lesser curve of the stomach, 
the larger gastric nerves usually run in association with vessels 
to the parietal cell mass (see Chapter II). Consequently, denervation 
was achieved by isolating these neurovascular bundles and dividing 
them between medium size stainless steel hemoclips (Weck Surgical, 
Rexdale, Ont.). Following clearing of these structures, a careful 
search for minute filamentous nerve branches was made and those found 
were divided. 

In this manner the anterior surface of the lesser curve was 
denuded down to the outer muscular layer of the stomach. Dissection 
then proceeded from right-to-left across the gastroesophageal junction 
and it was in this area that the majority of the small twigs which 
probably arose directly from the vagal trunks were found. 

The stomach was then rotated upwards into the incision and 
to the right. A large rent was made in the greater omentum to gain 


access to the posterior surface of the stomach. Again, the posterior 
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ANTERIOR POSTERIOR 


Fiqure 4 Highly selective vagotomy without pyloroplasty 
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nerve of Latarjet was usually easily visible and the posterior surface 
of the lesser curve was denervated in the same manner as the anterior 
Side, Care was taken to avoid damage to the left gastric artery, a 
point emphasized by Griffith to avoid damage to the celiac division of 
the posterior trunk. 

At the conclusion of this operation, the abdominal cavity 
was rinsed with copious amounts of saline and suctioned clean of all 
blood and clots. The abdomen was then closed with interrupted non- 
absorbable suture (Tevdek, Deknatel) and the skin reapproximated with 


a subcuticular continuous suture of 3-0 Dexon. 


“4, Selective Vagotomy 


In all cases, selective vagotomy followed a previous highly 
selective vagotomy so, in theory, this operation should have been per- 
formed simply by sectioning the anterior and posterior nerves of Latarjet 
to the antrum left intact at the previous operation (assuming, of course, 
the original highly selective procedure had been complete) (Fig. 5). 

This, however, was not always possible (witness the failure 
to denervate three dogs in Stage IIIb). Upon entering the abdomen, 
encroachment of fatty-fibrous adhesions from the lesser omentum over 
the previously raw lesser curve were found almost routinely. These 
adhesions buried the nerves of Latarjet and considerable dissection 


was necessary in most of the dogs to identify and divide these nerves. 


=i Pyloroplasty 


In those seven dogs which underwent pyloroplasty, a Heinecke- 


Mickulicz-type operation was performed after mobilizing the pylorus by 
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Figure 5 Selective vagotomy with pyloroplasty 
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division of the cmgential suspensory ligament and ligation of the 
prepyloric vessels of Mayo. A through-and-through horizontal incision 
was then made extending 2 cmon the gastric side and 1 cm on the 
duodenal sideof the pylorus. The gastroduodenal mucosa was then 
closed vertically as a single layer with 4-0 chromic and the sero- 
muscular-submucosal layer reapproximated as a second layer, also in 


a vertical manner, with simple interrupted sutures of 3-0 silk. 


D. Testing Techniques 


1. General 

Twenty-four hours prior to each test procedure, a liquid diet 
was substituted for the dog's usual meat meal. No food was given on the 
day of testing. Tests of emptying and secretion were performed via 
tube-esophagostomy on the whole-stomach preparation, in conscious, non- 
tranquilized animals, a rather unique feature of this project. It was 
felt that this preparation would constitute a far more physiological 
model than animals with numerous pouches of various segments of their 
gastrointestinal tracts. Each animal was fitted with a 18 Fr. Salem 
Sump tube (Sherwood Med. Industries, St. Louis) which was positioned 
under fluoroscopy prior to Stage I (Control) collections and marked 
at the appropriate length. This mark was left unchanged throughout the 
project to reduce the error that may have occurred by repeated intub- 
ation of different lengths. 

On the day of testing, the animals were transported to a 
special gastric collection room in the basement of the Surgical- 


Medical Research Institute where they were isolated from external 
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stimuli. Two or three dogs were tested simultaneously and were 
isolated from each other by heavy curtains. Each dog was positioned 
in a wooden Pavlov frame in which it had been conditioned to stand, 
and was supported by a specially designed harness. Tubes were positioned 
and held in place by clipping to an adhesive-tape collar. 
All intravenous infusions and medications were administered 
via a 20 gauge plastic intravenous cannula (Medicut, Argyle) installed 
prior to the beginning of each test. 
Following completion of each test, the dogs were returned to 


the vivarium and fed. 


2. Gastric Emptying 


Gastric emptying rate was determined using a modification 
of Hunt's phenol red technique (Hunt and Knox, 1962) in which phenol 
red (a,a-bis (p-Hydroxy phenol)-a-hydroxy-o-toluene y Sultone), a dye 
which is neither absorbed in, nor secreted by the stomach, is adminis- 
tered, left in the stomach a known length of time and then aspirated. 
The rate of emptying was determined by measuring the amount of dye 
recovered and expressing this amount as a function of time. 

The dye was freshly prepared each test morning in a dextrose 
solution [48.7 grams dextrose (Fisher Chemical Co.) plus 6 ml of 
0.1% phenol red solution (Fisher Chemical Co.) per litre of water; 
pH adjusted to 7.00 with 2N HC]; osmolarity 310 mOsm/litre], and warmed 
in a water bath to 37°C. The test animal's stomach was then aspirated 
by high (20 inches H,0) suction until empty. 300 cc of the phenol red/ 
dextrose solution was administered via gravity through the tube 


esophagostomy. When all the dye had entered the stomach, a clock 
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was started. 

Six tests were conducted on each animal on a single test day. 
Dye was left in the stomach for five minutes during the first test, 
and thereafter the length of each test was increased in five minute 
intervals to a maximum of 30 minutes. The dog was allowed a 10 minute 
rest between each of the six tests. 

Following the initial administration, the dye was mixed by 
syringe with the residual gastric contents for 45 seconds (by the clock), 
a time shown to be enough to allow thorough mixing (George, 1968), and 
a 10 cc sample was withdrawn and marked eluate where x was the 
number of the test (i.e., 1,2,3,4,5, or 6). Analysis of this sample 
ultimately provided the starting volume and concentration (i.e. the 
starting amount). 

At the end of the prescribed time period, the stomach was 
immediately and rapidly aspirated of the residual dye which was placed 
in a second container marked als VoCo". Analysis of this sample 
provided most of the recovered amount. 

Finally, a 50 cc volume of warm tap water was administered 
by syringe down the tube, aspirated, reinjected and finally completely 
aspirated into a third container marked BEE. This "wash" 
recovered any residual dye in the stomach, and when added to the 
second sample, provided the total amount of dye recovered. 

The clock was then started for the 10 minute rest and the entire 
process was repeated. The six tests were always performed in sequence 


(i.e. 5 min, 10 min, 15 min, etc), and were not randomized. 
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3. Pentagastrin-Stimulated Secretion of Acid and Pepsin 


Following positioning of the dog and establishment of the 
intravenous line, 500 cc of distilled water was administered via 
gravity through the tube and aspirated to wash the stomach prior to 
commencing the test. 

Each pentagastrin test lasted six hours. During the first 
and the sixth hour, the animals received 100 cc of 5% dextrose in 
Saline intravenously to provide a baseline of secretion for subsequent 
comparison with maximal levels of stimulated secretion. During the 
second to the fifth hour, an intravenous pentagastrin solution [340 ug 
pentagastrin (Peptavlon AY-6608, Ayerst) mashed with 1-2 drops of a 
solution consisting of 95 ml 5% dextrose in saline and 5 ml of KCI 
solution containing 10 mEq Kid the final volume made up to 100 ml, 
final concentration 3.33 ug pentagastrin/ml] was administered by 
infusion pump (Harvard) through a 100 cc syringe at pump speeds suffic- 
jent to deliver concentrations varying from 0.75 to 7.43 yg/kg/hr. 
These speeds and concentrations were chosen to provide a dose-response 
arve based on doubling the dose of pentagastrin in hourly infusions. 

Gastric juice was collected by continuous low (3-5 cm H,0) 
suction in six one-hour samples. 

During the first two stages of the project, serum glucose and 
electrolytes were studied to ensure no changes in secretion could be 
ascribed to changes in blood chemistry. This was abandoned in the 
latter half of the work when significant changes in those parameters 


were not found. 


At the end of each test, the animals were returned to the 
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Vivarium and fed. 


4. Insulin Tests 

Ross and Kay's (1964) modification of the Hollander test was 
used as a measure of completeness of vagotomy. 

After positioning in the Pavlov frames and installation of 
an intravenous cannula, 2 cc of blood were drawn for a fasting deter- 
mination of blood glucose. The cannula was then capped and left in 
place for subsequent insulin injection and blood sampling. 

The fasting gastric juice was then aspirated. Continuous low 
Suction was maintained throughout each insulin test. 

Two 15-minute basal collections were then performed prior 
to administration of Toronto insulin (Connaught) in doses varying 
from 0.3 to 0.5 units/kg. The higher dosage was used in the early 
stages but abandoned in favor of the lower one after one dog had a 
grand mal seizure on two occasions. 

Following administration of insulin, gastric secretion was 
collected in 15-minute aliquots for a period of two hours. 

Forty-five minutes after insulin injection, another 2 cc sample 
of venous blood was withdrawn through the cannula for glucose deter- 
mination. A final 2 cc sample was withdrawn at the conclusion of 
each test. 

Immediately upon completion, the dogs were returned to the 


Vivarium and fed. 


5. Pre-terminal Studies of Completeness of Vagotomy 


Major R.E. Cole (1972) recently described a simple test to 
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visually determine the extent of residual vagal innervation to the 
parietal cell area of the stomach after vagotomy. He even advocates 
this procedure for routine intra-operative use. 

Following induction of anesthesia, the abdomen was opened 
and a large gastrotomy performed along the upper part of the greater 
curvature of the stomach. The mucosal surface was wiped clean of 
mucous and debris and a fresh, damp sponge was carefully placed to 
cover the entire mucosal surface of the parietal cell mass. The pylorus 
was packed with a 4x4 gauze sponge to prevent bile reflux. 

2-deoxy-D-glucose (Fisher Chemical Co.), 50 mg/kg was then 
injected intravenously. This compound is believed to cause a 
cerebral cytoglucopenia, i.e. a relative hypoglycemia, and thereby 
causes profound stimulation of the hypothalamic vagal centers. 

Exactly 10 minutes after administration of the 2-deoxy-D- 
glucose, 10 cc of a 1% solution of neutral red (Fisher Chemical Co.) 
dyewas given intravenously. This dye has the unique property of 
being secreted by parietal cells only under vagal stimulation 
(Pritchard et al, 1968). If areas of residual vagal innervation are 
present, a characteristic pink color appears through the dampened 
sponge from the innervated area beneath it. 

This simple test was performed on all the animals under 


anesthesia prior to sacrifice. 


E. Biochemical Analysis of Samples 


1. Phenol Red Emptying Tests 


The volume of each sample was first carefully measured. 
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Then one ml of each sample was added to 5 ml of phosphate buffer and 
the volume adjusted to 25 ml with water. A small aliquot of the final 
solution was read in a Unicam SP 1800 spectrophotometer against a blank 
of phosphate buffer. 

The results were expressed in millilitres in terms of volume 


and as milligrams per litre in terms of phenol red concentration. 


2. Secretion Tests 
a. Acid 

The volume of each sample of gastric juice obtained from either 
the pentagastrin-stimulation or the insulin tests was measured. 

A one ml aliquot of each sample was then titrated to pH 7.00 
with 0.1 N NaOH using a Radiometer Model TTT1 automatic titrator. 
Total cH] titratable to pH 7.00 was measured and expressed initially 
in milliequivalents per litre. Secretion in milliequivalents per hour 


was then calculated. 


b. Pepsin 

In the case of pentagastrin-stimulated secretion, pepsin 
concentration was measured on the six-hour pooled specimens after acid 
analysis. The enzyme was measured according to Aitken's method (1954). 
In brief, a one ml sample of the pooled gastric juice was diluted to 
10 ml with 0.1 N HCl and 1.0 ml of this solution was incubated with 
a hemoglobin solution of 37°C for 10 minutes. Thereafter, 10 ml of 
0.3 N Trichloroacetic acid were added and the precipitated proteins 
were filtered off. The amount of tyrosine-like substances liberated 


(by pepsin) during incubation were measured cholorimetrically using 
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Folin-Coicalteau reagent (Fisher Chemical Co.) against a standard of 
known tyrosine in a Beckman DU spectrophotometer. 

The final concentration of pepsin was expressed in milligrams 
per millilitre of gastric juice, and the actual amount of pepsin 


secreted was then calculated. 


3. Blood Chemistry Tests 
a. Glucose 

Blood glucose was determined using a Sigma Kit #510 (Sigma 
Chemical Co.). This is an enzymatic, colorimetric determination 
using a spectrophotometer. Blood glucose concentration so determined 


is expressed as milligrams per 100 millilitres of whole blood (mg%). 


b. Electrolytes 

Sodium and potassium ion concentration in gastric juice and 
serum were measured by emission flame photometry on an I.L. Model 143 
Flame Photometer using lithium as an internal standard. Results 
were expressed as milliequivalents per litre. 

Chloride ion determination was measured by the potentiometer 
method using a Buchler-Cotlove Chloridometer. Results were also 


expressed in milliequivalents per litre. 


F. Analysis of Results 


1. Phenol Red Emptying Tests 


The rate of gastric emptying of this liquid test meal is 
determined by the ratio of the amount administered and the amount 


recovered. 


The amount of dye in the stomach at the beginning of each 
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test time period is given by: 


a 18,000 = (Vy X C,) 


where 18,000 is the amount of dye actually given to the animal 
(300 cc x 600 mg/L) and (V, x C,) is the amount of dye removed in the 
first sample and is therefore not actually included in that quantity 
of dye which ultimately either passes through the pylorus or remains 
in the stomach at the end of the test period. 

The amount of dye recovered is given by the formula: 


C2) R(VEex Goyer? (VESx"C9) 


In reviewing Hunt's original data Hopkins (1966) demonstrated 
that the rate of gastric emptying of the dye was more closely propor- 
tional to the square root of the amount of dye remaining in the stomach 


than in the logarithm of the volume remaining, as suggested by Hunt. 


That is 


, amount given 
(3) Rate of emptying of phenol red a yf aE A 


By combining these three formulas: 
8,000 - (V, x Cy 


(4) Rate of emptying of phenol red a (/ ——————_—___- 
(V> X C.) + (V3 X C3) 


Thus the rate of emptying is expressed as a square root function 
against time. 

Two tests of phenol red emptying were performed on each dog 
after each stage. 

Initially these results were calculated on a simple desk 


calculator. This operation proved tedious and time-consuming. As 
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a result, an APL program was written and the raw data was presented 
to the University of Alberta IBM 360/67 computer which handled al] 
the calculations (Fig. 6), as well as the statistical computations, 
in considerably less time. 

Emptying rates from stage-to-stage were compared to the use 
of a linear regression technique (Sokal and Rohlf, 1969). The slope 
of the best-fit straight line were determined by the least-squares 
method and these slopes were then compared from stage-to-stage using 


the paired ¢ test (Sokal and Rohlf, 1969). 


2. Secretion Tests 
econ Ke} 

Hydrochloric acid secretion was expressed as the number of 
milliequivalents of acid per volume of sample, i.e. the actual number 
of milliequivalents secreted. Data for acid and pepsin secretion were 
obtained as two replicates for each animal after each of the various 
operations. Because of the inherent variability of the control results 
jt was considered inappropriate to test the distribution of the differ- 
ences via the paired t¢ test. Instead it was more reasonable to test 
whether there had been an increase or decrease in gastric acid secretion 
following each stage of the project. Consequently the means of the data 
to be compared were classified as "increased" or "decreased" and the 
probability of this distribution was assessed by the chi-squared test 


(Sokal and Rohlf, 1969). 


b. Pepsin 


Mean values of pepsin secretion were compared by the same method 
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Figure 6 The "Nemesis" program for calculation of 
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as acid secretion data. 
In all cases of emptying or secretion a P value of 0.05 or less 


was considered statistically significant. 


5. Insulin tests 

As previously mentioned, the criteria of Ross and Kay (1964) 
were used to evaluate the response to insulin after each stage of 
surgery. According to these criteria, a rise in total acid secretion 
of greater than 20 mEq/L over the mean basal value is a positive 
response. If the basal secretion were anacid, a rise greater than 
10 mEq/l. was considered positive. The maximal acid secretion is 
regarded as the mean of the two highest values which occurred consecu- 
tively. The mean basal value is the arithmetical average of the acid 
secretion during the two basal 15-minute collections before insulin 
administration. 

The positive responses are further divided into early positive 
(in which the mean maximal response is reached in the first hour after 
insulin) and late positive (maximum value occurring in the second 
hour). This division is of clinical significance in that an early 
response is considered to represent incomplete inadequate vagotomy 
and the patient is "at risk" to ulcer recurrence. A late positive 
response is interpreted as an incomplete but probably adequate 
vagal denervation. 

Only one insulin test was performed on each dog after each 


stage of the project. 


zea/ 46 80,0 40 gutsy 4.5 eae pa ryseyne 
ines Pate 


(Hae) yet bs. 2208 to sineten ofa -banottnga: bi . 
Wo siete Ades «A/t4 wituent af ‘aphoare? ait. pines peeve 
motfevos2 bios fetot nt szid 6°,siist io sears bi iuntbanes snepwe 
evidiaes o 2t sulsy (sesd nessa “BVO Ayers an satuary to 
abd? seicow eciy s .bhosde S1oe totiside Feat! wu -9en0geen 
2s salsiiess bins (enixee SY .aviTdreoq paratiznoa Few Nga OF 
sUesenn2 beaviuane foitw tovlay- d2anpin ows ont To neon ot 28 babespey 
bios edf *o spsisve [col fanishe Sag ot oul ay: eet nesm aT oufavis 
nifesnd ovoted encis>al foa.sailath-et Tezadiows ena anltub settee. 
(ng euataibs 
euteRaa-ex6e odai bobtvih vargas Seznonzet ovittzog ANT =” 
este “Wiad Terk? acy nt badass 27 PAHO EST Tempxamt reo ois atthe at) 
badose sf nt oftrribato by fy puctityett) puTdbzog: st6f bis (abfaant 
qfvee ris J5At nt adaeseetoere lect! To ef adteivih eter . (wert 
qnotagay sisupsbani ad='qtoont Jisraigar oF bensbtanea at senoqest 
ovidigog ais! fA SMNOVIUD Tasty ot "ei is” ef 2nstioq off bas 
stvabs: Vdetong 268 wralgpea? ne 20 bedonguatnt et senoqan 


fot tevvstab (egev 

Wee T8d%s Dob floes oo dewVOyteq zoW Joos nifuent ono ybnO 
-Toatorg 2d} to syste 

: | hr ~ « (ee 


. 


a) i . a 


45 


ae 2-deoxy-D-glucose Studies of Completeness of Vagotomy 


This test, although performed objectively, may only be 
evaluated subjectively by a description of the estimated area of the 


patches of dye seen representing residual vagal innervation. 
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CHAPTER IV 
RESULTS 


The ten test animals remained in good health throughout the 
four stages of the project despite a rigorous testing schedule and 
three major intra-abdominal procedures each. Average weight loss over 
the duration of the investigation was 4.7 kg. Two animals had post- 
Operative wound dehiscence after Stage I surgery; both were repaired 
without difficulty or sequelae. No other major complication or 


illnesses occurred. 


A. Changes Observed in Gastric Emptying of Phenol Red 


The modified phenol red solution as described was tolerated 
without apparent nausea and without a single instance of vomiting in 
all the animals. In this regard, it would subjectively appear to be 
a reliable tool to investigate the rate of gastric emptying of a liquid 
test meal. 

The parameters chosen for this study (volume, concentration 
and time) were, in retrospect, adequate and the test was sensitive 
enough to display stage-by-stage changes in the rate of gastric 
emptying. 

Using the linear regression technique for statistical analysis, 
all the control data were fitted by a straight line without significant 
error. In addition, in all cases except selective vagotomy with pyloro- 


plasty, the values obtained after operation could also be fitted by a 
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straight line without significant error. 


TS thev Effect. of Highly Selective Vagotomy 


The salient cahnges observed were: 

(1) Highly selective vagotomy produced no significant change 
in the rate of gastric emptying of the dye solution compared 
to preoperative values (Fig. 7a), 

(2) The addition of pyloroplasty to highly selective vagotomy 


likewise produced no significant changed (Fig. 7b). 


2. The Effect of Selective Vagotomy 

(1) Division of the nerves of Latarjet to the antrum (following 
highly selective vagotomy) produced slower emptying than 
control values (Fig. 7c). 

(2) Emptying following selective vagotomy was slower than after 
highly selective vagotomy (Fig. 7e). 

(3) In the case of selective vagotomy with pyloroplasty, the 
data differed significantly from linearity. Reference to 
figures 7d, 7f and 7g discloses that the anomalous point 


is the one at five minutes since, if this point is omitted, 


regression shows the data adequately fit a straight line. 


This suggests that after selective vagotomy with pyloroplasty, 
the emptying rate during the first five minutes of the initial challenge 
of the stomach by the test meal is significantly faster than control, 
highly selective vagotomy or highly selective vagotomy with pyloroplasty. 
Le would appear from the results of the animals that had undergone 


selective vagotomy with pyloroplasty that there was actually more dye 
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Figure 7b The gastric emptying of phenol red: 


Comparison of highly selective vagotomy 
with pyloroplasty to control. 
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Figure 7c The gastric emptying of phenol red: 
Comparison of selective vagotomy to 
control. 
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Figure 7d The gastric emptying of phenol red: 
Comparison of selective vagotomy with 
pyloroplasty to control. 
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Figure 7e The gastric emptying of phenol red: 
Comparison of selective vagotomy to 
highly selective vagotomy. 
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Figure 7f The gastric emptying of phenol red: 
Comparison of selective vagotomy with 
pyloroplasty to highly selective 
vagotomy with pyloroplasty. 
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Figure 7g The gastric emptying of phenol red: 
Comparison of selective vagotomy with 
pyloroplasty to highly selective 
vagotomy. 
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in the stomach at ten minutes than at five. It is possible that this 
apparently extraordinary finding is an artifact created by the sequential 
sampling of the liquid meals (see Methods). These results may be 
interpreted by supposing that the initial challenge with the test meal 
following selective vagotomy with pyloroplasty provokes rapid gastric 
emptying which is not reproduced by later administrations. This 
observation is worthy of further investigation since it cannot be 
determined from these results whether the initial rapid emptying is 


followed by a slower rate or whether the rate later reverts to normal. 


B. Changes Observed in Gastric Secretion of Acid and Pepsin 


As mentioned previously in Chapter III, studies of serum 
electrolytes and blood glucose levels at the beginning and end of 
each 6-hour experiment were performed during Stages I and II. No 
significant change in these parameters occurred, thereby establishing 
that the observed changes in secretion were due to pentagastrin 
stimulation and not to hypoglycemia or to changes in serum sodium, 


potassium or chloride concentration. 


1. Changes in Acid Secretion 
a. Basal (Resting) Acid Output (Table I) 
(1) Highly selective vagotomy produced no significant change 
in basal acid secretion compared to control values. 
(2) Addition of pyloroplasty to highly selective vagotomy 
similarly produced no change in basal secretion compared 
to normal. 


(3) Selective vagotomy caused a profound 92.8% decrease in 
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TABLE I 


SECRETION STUDIES 
Mean Basal Acid Output 
mEq HC1/hour 


Dog No. Control HSV* Hsvp" svt Svp® 
J-1436 0.40 3.24 0.63 z 0.02 
K-181 0.01 0.11 : 0.01 0.02 
K-413 0.01 0.18 2.58 c 0.01 
K-509 ie 1.69 0.72 E 0.01 
K-514 3.90 7.58 2 0.23 

K-554 0.01 0.84 z 0.01 0.01 
K-627 1.38 4.43 : 0.38 : 

K-786 1.15 0.25 0.16 : 0.01 
K-804 1.41 ey 3.04 7 0.01 
K-834 7.62 7.48 s 0.01 2 


*HSV - highly selective vagotomy 

qHSVP - highly selective vagotomy & pyloroplasty 
+SV - selective vagotomy 

gsSVP - selective vagotomy & pyloroplasty 
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resting secretion compared to normal and a 95.6% decrease 
when compared to highly selective vagotomy. 
Selective vagotomy with pyloroplasty produced similar results 


to selective vagotomy alone. 


Pentagastrin-Stimulated Maximal Acid Output 


(1) 


(2) 


Changes 
(1) 


(3) 


Maximal acid secretion under pentagastrin stimulation was 
not altered significantly with reference to normal by either 
highly selective vagotomy or highly selective vagotomy with 
pyloroplasty (Table II). 

Selective vagotomy, in contrast, produced a 43.7% decrease 
in this parameter. Results after selective vagotomy with 


pyloroplasty were similar. 


in Pepsin Secretion 

Neither highly selective vagotomy nor the addition of 
pyloroplasty to it produced significant changes in the 
secretion of this enzyme (Table III). 

In a manner similar to its effect on acid secretion, 
selective vagotomy caused a profound decrease in secretion. 
Compared to control values, selective vagotomy decreased 
pepsin secretion 84.7%; compared to highly selective 
vagotomy, a decrease of 82.8% was noted. 

Addition of pyloroplasty to selective vagotomy produced 


essentially similar results to those in (2) above. 


Observations on the Insulin Test 


It was this test that produced by far the most confusing and 
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TABLE II 


SECRETION STUDIES 
Mean Pentagastrin-Stimulated Maximal Acid Output 


mEq HC1/hour 


rc 


Dog No. Control HSV* Hsvp" SV SVP 
J-1436 15.22 21.02 12017 = 15.69 
K-18] 18.55 15.17 a 6.90 8.00 
kK-413 8.39 24,22 24.29 ‘ 10.11 
K-509 20.91 19.69 17.99 : 10.00 
K-514 29.93 30.40 14.00 : 
K-554 11.07 22.39 = 8.40 6.58 
K-627 4.55 13.16 E 5.29 : 
K-786 21.91 12.67 9.88 : 9.79 
K-804 9.73 19.45 10.36 - 7.38 
K-834 20.34 17.99 : 10.69 = 


*HSV - highly selective vagotomy 

qHSVP - highly selective vagotomy & pyloroplasty 
+SV - selective vagotomy 

§SVP - selective vagotomy & pyloroplasty 
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TABLE III 


SECRETION STUD 


Mean Pepsin Secretion 


Gms/6 hours 


EES 


Dog No. Control HSV* HSvp" svi 
J-1436 1.06 3) 1.06 : 
K-181 1.16 0.63 é 0.25 
K-413 0.64 3 1.44 : 
K-509 120 0.77 1203 “ 
K-514 2.75 2.82 : 0.16 
K-554 1.23 2.54 0.19 
K-627 2.62 3.54 : 0.70 
K-786 4.19 1.07 0.92 
K-804 3.29 1.76 2.56 : 
K-834 2.87 2.84 : 0.35 


3S) 


*HSV - highly selective vagotomy 

qHSVP - highly selective vagotomy & pyloncxlasty 
+SV - selective vagotomy 

§SVP - selective vagotomy & pyloroplasty 
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frustrating results throughout the project. With reference to Table IV, 
it may be observed that the insulin test in three normal, preoperative 
animals was late positive by Ross and Kay's criteria. Moreover, the 
author was unable to demonstrate a single negative insulin test regard- 
less of the extent of vagal section in any animal and in spite of 
proved hypoglycemia in every test performed. 

Because of the confusion created by these "qualitative" 
results, a quantitative analysis of the acid secretion in response to 


insulin stimulation at each stage was performed. 


e. Changes in Hourly Basal Acid Output Prior to Insulin Injection 
Statistical analysis of these results (Table V) indicated that 
no operative treatment except the addition of pyloroplasty to highly 


selective vagotomy produced a significant change in this parameter. 


f. Changes in Total Acid Output Following Insulin Injection (Table VI) 
The only finding of significance in this study was that 2-hour 
insulin stimulated acid secretion after selective vagotomy with 


pyloroplasty was lower than that after highly selective vagotomy. 


g. Terminal Test of Completeness of Vagotomy 

The results of this qualitative test and a comparison of each 
animal's final insulin test is shown in Table VII. Obviously no direct 
correlation can be made - one animal (K-627), in which only 2% of less 
of the parietal cell mucosa stained suggestive of residual innervation, 
continued to demonstrate an early positive insulin test while another 


animal (K-786), in which one-quarter of the mucosa stained, showed a 


late positive response. 
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TABLE IY 


THE INSULIN TEST 
(According to Ross and Kay's Criteria) 


All Responses POSITIVE 


Dog No. Control HSV* Hsvp" svt SVP ° 
J-1436 early late late ~ late 
K-18] late early - late late 
K-413 early early late - early 
K-509 late late late ~ late 
K-514 late late - late - 
K-554 early late - late late 
K-627 early early - early ~ 
K-786 early early late - late 
K-804 early early late - early 
K-834 early late - late - 


nn EE IInnn IERIE IRE EEREER ER REREERREE IRE RR ERERRRREE EERE 


*HSV - highly selective vagotomy 

qHSVP - highly selective vagotomy & pyloroplasty 
+SV - selective vagotomy 

sSVP - selective vagotomy & pyloroplasty 
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TABLE V 


THE INSULIN TEST 


Basal Acid Output Prior to Injection of Insulin 


mEq HCl/hour 


Dog No. Control HSV* HsvP" syt SVP° 
_ J-1436 0.70 1.04 0.00 : 0.00 
K-181 0.08 0.00 = 0.06 0.10 
K-413 0.00 0.00 0.00 <= 0.00 
K-509 0.00 0.08 0.02 : 0.00 
K-514 0.00 1.02 . 1.48 ~ 
K-554 0.30 0.00 : 0.28 0.26 
K-627 0.00 3.82 2 0.48 : 
K-786 0.14 0.46 0.02 . 0.32 
K-804 0.00 5.32 0.52 = 0.04 
K-834 11.54 11.90 : 0.02 = 


*HSV - highly selective vagotomy 

qHSVP - highly selective vagotomy & pyloroplasty 
+SV - selective vagotomy 

gsSVP - selective vagotomy & pyloroplasty 
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TABLE VI 


THE INSULIN TEST 
Total Acid Output Following Insulin Injection 
mEq HC1/2 hours 


Dog No. Control HSV* HSvP* sv" 
J-1436 9.99 14.93 33.48 : 
K-18] 22.16 2.98 : 0.71 
K-413 0.80 7.57 2.56 : 
K-509 19.18 33.50 24.01 ~ 
K-514 51.89 20.55 : 2.48 
K-554 34,47 25.95 : 0.68 
K-627 10.20 16.63 : 20.63 
K-786 5.06 Dey) 15.85 . 
K-804 1.96 10.30 9.64 : 
k-834 23.18 10.45 ’ 3.36 


*HSV - highly selective vagotomy 

aHSVP - highly selective vagotomy & pyloroplasty 
+tSV - selective vagotomy 

sSVP - selective vagotomy & pyloroplasty 
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TABLE VII 


The 2-deoxy-D-glucose/Neutral Red Test of Completeness 
of Vagotomy with Comparison to the Final Insulin Test 


Dog No. Estimate of Area of Staining Final Insulin Test (accord- 
as Percentage of Entire Par- ing to Ross and Kay's 
ietal-Cell Mucosal Surface Criteria 
Area 

J-1436 <2% Late positive 

K-18] 10-15% Late positive 

K-413 5% | Early positive 

K-509 2h Late positive 

K-514 5% Late positive 

K-554 <2% Late positive 

K-627 <2% Early positive 

K-786 25% Late positive 

K-804 5% Early positive 


K-834 5-10% Late positive 
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B. Summary of Results 


Highly selective vagotomy produced no significant changes in 
either emptying or secretion of acid or pepsin. Selective vagotomy 
alone produces slower emptying than normal or highly selective vagotomy 
and, as well, causes significant reduction in both basal and penta- 
gastrin stimulated maximal acid secretion and pepsin output. Selective 
vagotomy with pyloroplasty produces changes similar to selective 
vagotomy alone in acid and pepsin secretion but, in the case of the acid 
results, those changes lie just outside the bounds of statistical 
Significance. The changes in pepsin secretion after selective vagotomy 
with pyloroplasty are significant. Addition of pyloroplasty to 
selective vagotomy produces an emptying pattern characterized by an 
initial rapid phase of emptying on the first exposure to the test meal. 
On repeated testing, the emptying pattern after selective vagotomy 
with pyloroplasty assumes a normal configuration. 

The insulin test and the 2-deoxy-D-glucose/neutral red test 


of completeness produced ambiguous results. 
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CHAPTER V 
DISCUSSION 


A. Gastric Emptying of Phenol Red 


1. After Highly Selective Vagotomy 

That no significant change occurred in emptying after highly 
selective vagotomy confirms the reports by Amdrup and Griffith (1969), 
Interone et al (1971) and Kragelund et aZ (1972). Even more specific- 
ally, it confirms the recent report by Clarke and Williams (1972) that 
highly selective vagotomy preserves the emptying of liquid meals most 
near-normal. 

If the initial highly Paes vagotomies in our animals 
were complete, it may be assumed that preservation of antral innervation 
is all-important in preserving normal emptying and, incidentally, that 
the direct gastric branches of the vagus appear to have no control 
whatsoever on the rate of gastric emptying. 

It was surprising to find that addition of pyloroplasty to 
highly selective vagotomy caused no appreciable increase in the rate 
of emptying and that the combined operation produced results that 
were also no different from normal. Even though the pyloroplasty 
performed was small and "physiological", it was large enough to 
cause obvious changes later in the project. Precisely why it caused 
no change in emptying after highly selective vagotomy is not clear 


but as part of a general rule it may be noted that in the presence 
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of intact antral innervation, the physical size of the pylorus, 
(provided it is at least normal) is unimportant. 

The clinical argument concerning the necessity for routine 
complementary drainage in association with highly selective vagotomy 
would now appear to be solely academic, at least in terms of emptying of 
liquids through a non-stenosed pylorus, since both operations yielded 


results not significantly different from normal. 


2. After Selective Vagotomy 


Selective vagotomy alone resulted in gastric emptying which was 
Slower than normal, a finding which corroborates the experimental work 
of Shiina and Griffith (1969). The cause of this inertia was not 
specifically investigated but must be related to antral denervation 
since emptying was previously normal with that same innervation intact. 
The observed results argue against Burge's trial of selective vagotomy 
without drainage (Burge et al, 1969). 

The phenol red emptying results after selective vagotomy with 
pyloroplasty were also similar to those reported by Clarke and Williams 
(1972). Using a similar technique, they also reported an initial rapid 
rate of emptying which thereafter approached normal. It is quite 
conceivable that this initial rapid phase of emptying accounts for 
the high incidence of the "dumping" syndrome which follows this 
operation. 

Why should these changes associated with pyloroplasty prevai| 
after selective and not after highly selective denervation? Any 
contribution made by direct pyloric innervation may be ruled out since 


the pyloric branches of the anterior vagal system should have been 
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preserved intact by either operation. The most likely explanation must 
evolve from a change in antral peristalsis since the only basic 
difference in the two procedures was the presence or absence of antral 
innervation. 

In an intensive electrical and mechanical study of the motor 
characteristics of the canine gastroduodenal junction, Carlson et al 
(1966) reported on one specific type of antral contraction. Termed 
Type II, this contraction began in the gastric cardia and progressed 
in a peristaltic manner toward the angle of the stomach where the 
contraction deepened, propelling gastric content before it. Upon 
-reaching the terminal 3-4 cm of the antrum, the entire terminal seament 
contracted simultaneously, together with the pyloric canal, which 
promptly closed. This resulted in a retropulsive force, pushing 
terminal antral content back into the stomach. They concluded that 
"the function of the powerful terminal-antral contraction is chiefly that 
of retropulsion, not propulsion". 

Whether or not these Type II contractions depend on antral 
innervation via the nerves of Latarjet is not, to the author's 
knowledge, known. It seems likely that they may be since the nerves 
of Latarjet are anatomically the most accessible ones and division of 
those nerves has already been shown to alter gastric emptying. 
Nevertheless, if those Type II contractions depend on antral innervation, 
then such motor activity would surely be altered by selective vagotomy 
resulting in unopposed propulsive peristalsis through the pylorus. 

A widely patent pylorus (after pyloroplasty) would offer no physical 


barrier to such peristalsis, resulting in faster emptying. Why an 
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increase in emptying on this basis was not observed after selective 
vagotomy alone is unknown. Clarke and Williams (1972) were able to 
demonstrate this initial rapid rate after selective vagotomy alone, 
but we, unfortunately, were not. 

As a general rule, these emptying results may be summated by 
assuming that preservation of antral innervation is more important 
in itself than routine addition of a pyloroplasty but, once that 
innervation is destroyed, the physical state of the pylorus becomes 


critically important. 


B. Gastric Secretion of Acid and Pepsin 


1. Acid Secretion 
a. Basal Acid Output 

Resting secretion of HC] by the stomach was unchanged until 
the antrum was denervated. It is unlikely that this finding was due 
purely to a loss of nervous control since denervation of the parietal 
cell mass (highly selective vagotomy) had no appreciable effect. In 
order to explain these results, it is necessary to review the hormonal 
control of acid secretion and its proven interaction with nervous 
influences. 

Gastrin is released from the antrum either by direct distention 
of its walls, by topical agents or by vagal stimulation, this last 
mechanism demonstrated by Pe Thein and Schofield (1959). In addition, 
according to Emas (1969), a "synergism" exists between the vagus and 
intrinsic or extrinsic gastrin and gastrin-like substances such that 


tonic vagal impulses appear to facilitate the release of gastrin from 
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the antrum. With these observations in mind, let us reexamine the 
operative procedures in general terms. 

As previously mentioned in Chapter II, the technical perform- 
ance of the operation of highly selective vagotomy is dependent on a 
knowledge of the anatomy of the vagus. Once in the operating room, 
however, the proper exposure and display of that anatomy is tantamount 
to success. As a result, a considerable amount of traction by pullina 
and stretching, dissection and instrumental manipulation of the stomach 
and its attendant structure may be incurred during surgery. This 
trauma raises the possibility of neuropraxtal injury to the nerves of 
Latarjet during the performance of highly selective vagotomy. 

Consider then the results of those authors who report a 
decrease in basal secretion. If, in fact, neuropraxia of the nerves to 
the antrum had been incurred at surgery, they would in actuality be 
reporting the results of an inadvertent selective vagotomy, not a 
highly selective one. Why associated changes in emptying did not occur 
in these reports is not immediately clear, but suffice it here to say 
that results of emptying in these studies were generally given second 
seat to secretion results and those reports of emptying that are 
generally subjective, poorly controlled radiological studies. 

The surgical technique used in this study was a strict 
"no-touch" one with reference to the nerves of Latarjet, the vagal 
trunks and the hepatic and Peace divisions. It is therefore with 
much interest that we note in our results that a decrease in basal 
acid secretion did not occur in our animals until the nerves to the 


antrum were deliberately cut and the decrease so achieved was of the 
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magnitude of that reported by other authors after highly selective 


vagotomy. 


b. Pentagastrin-Stimulated Maximal Acid Output 

The results of this study indicate that maximal acid secretion 
also did not change significantly until the nerves to the antrum were 
cut. The observed decrease of 43.7% in pentagastrin-stimulated maximal 
acid output after selective vagotomy was somewhat less than the 51 to 
72% decrease expected from a review of the literature (Amdrup and 
Jensen, 1970; Johnston and Wilkinson, 1970; Wilkinson et al, 1971; 
Amdrup and Kragelund, 1971; Johnston et al, 1972, 1973; Wastell et ail, 
1972; Imperati et aZ, 1972; Kragelund et aZ, 1972), but was nevertheless 
Significant when compared to either control or post-highly selective 
vagotomy values. 

It wouid appear that the normal interaction between gastrin 
and the vagus was preserved intact following highly selective vagotomy 
Since no change occurred in acid secretion. If we assume that the 
highly selective vagotomy was "complete", i.e. that all the direct 
gastric branches were divided, the "neuropraxia" theory is quite 
compatible with the observed results. 

If the innervation to the gastrin-containing cells were intact 
and the normal interaction between nerve and hormone were present, as 
it should be after highly selective vagotomy, acid secretion should 
be normal and should only decrease when the neural component was lost - 
after selective vagotomy. If however, antral innervation was damaged 
during highly selective vagotomy, the reported postoperative acid 


secretion would necessarily be lower than normal - as it was in the 
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reports quoted, 

An interesting corollary of this explanation concerns the function 
of the direct gastric branches. During this whole project, the author 
was unable to demonstrate a single physiological function which could 
be attributed to them. Is it possible they are entirely unconcerned 
with either secretory or motor activity and serve some other undis- 


closed function? 


2. Pepsin Secretion 

As with maximal acid output, pepsin secretion under penta- 
gastrin stimulation did not change until the selective vagotomy stage 
when it decreased significantly. 

Pepsin secretion and activity is known to be pH-dependent so 
it follows that a reduction in total acid output would cause a corres- 


ponding drop in pepsin secretion, as it occurred in our studies. 


3.. Discussion of the Insulin Test Results 

It is possible that almost the entire battery of test results 
following highly selective vagotomy could be explained as surgical 
misadventure and failure to completely denervate the parietal cell 
mass. 

At least, interpretation of the insulin test results would 
indicate this may be so. According to the criteria used, not a single 
animal was ever completely denervated, let alone after highly selective 
vagotomy. However, it is impossible to place much faither in a test 
which qualitatively yields such ambiguous results. Neither late 


positive preoperative tests nor conversion of late positive to early 
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positive results within the space of a few weeks are explicable. 

Having become somewhat disillusioned by the results of this 
test, it is easy to point out its shortcomings. The test is based on 
completely arbitrary criteria worked out in animal experiments and 
transplanted virtually in toto to clinical work; it is open to argument 
and constant modification; it is inherently dangerous and, finally, it 
is notoriously unreliable in predicting recurrence. By way of example 
of the last statement, in five recurrent ulcers reported after highly 
selective vagotomy, one was early positive, and one was late positive 
and three were negative (Hedenstedt et al, 1972; Wastell et al, 1972). 
Fourteen recurrences after selective vagotomy with pyloroplasty were 
composed of three early positives, five late positives and six negatives 
(Kallehauge and Amdrup, 1969; Marckmann et aZ, 1969; Kronberg et al, 
1970). 

What of conversion of negative to positive insulin tests after 
highly selective vagotomy? The most widely accepted theory at present 
is that of vagal reinnervation (Johnston et aZ, 1973). However, agree- 
ment on whether or not such reinnervation occurs is not universal. 
Legros and Griffith (1970), using the vagal stimulation/neutral red 
technique in a small number of dogs, concluded that vagal reinnervation 
even after 12 to 15 months was "insignificant". 

The "neuropraxia" hypothesis fits nicely with this observed 
high rate of reversion. If the nerves of Latarjet were damaged at 
highly selective vagotomy, gastrin release would be decreased as would 
consequent acid secretion resulting in negative responses. Healing 


of the traction injury with time would return the response toward 
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positive. If this explanation were true, one would expect the 

insulin test to change to negative following selective vagotomy. 
Unfortunately, it did not. In retrospect, the obvious test that was 
necessary was a transthoracic truncal vagotomy followed by a repetition 
of the insulin test but if this were done, the opportunity to examine 
the completeness of the original highly selective vagotomy would have 
been lost. 

The quantitative analysis of the insulin test was similarly 
unhelpful. Even the values of basal acid secretion obtained prior to 
insulin injection are inconsistent when viewed in the light of the pre- 
pentagastrin basal values. In view of these inconsistencies, it would 
be premature to base any conclusions on this test without further 
experimentation. Consequently, it seems more sensible to judge the 


validity of each operation on findings using other techniques. 


4. The 2-deoxy-D-glucose/Neutral Red Test of Completeness 


Where the results of the insulin test might be interpreted to 
indicate that the original highly selective vagotomy in each of the 
ten animals was incomplete, the results of the terminal studies with 
2-deoxy-D-glucose and neutral red dye indicated that at least seven 
of the ten animals were "completely" vagotomized. Only 5% or less of 
the total parietal cell mucosal area stained and very few large, over- 
looked nerve fibers were found, even in the three animals with more than 
5% dye secretion. The poor correlation with the insulin results makes 


it impossible to decide which test to believe. 
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Go s.Conciusions 


With reference to the objectives of this project outlined 
in Chapter I: 

(1) Highly selective vagotomy is ineffective in reducing basal 
acid output and has no effect on either maximal pentagastrin- 
stimulated acid output or pepsin secretion. 

(2) Highly selective vagotomy is effective in maintaining 
normal gastric emptying of liquids. The argument 
regarding the routine use of a complementary drainage 
procedure would appear to be an academic one since 
emptying after the two operations is virtually the same. 

(3) Highly selective vagotomy is ineffective in reducing 
insulin-stimulated secretion and the qualitative results 
of the insulin test indicate the operation is ineffective 
in denervating the parietal cell mass. 

(4) Selective vagotomy is far superior to highly selective in 
achieving decreased basal secretion and also reductions 
in maximal stimulated secretion and pepsin output. Its 
major disadvantage is a prolongation in the rate of gastric 
emptying which is somewhat over-compensated for by the 
addition of pyloroplasty. 

(5) The results obtained indicate that the nerves of Latarjet 
to thegastric antrum play a major role in the regulation 
of both gastric emptying and gastric secretion of acid 


and pepsin. 
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Some additional comments seem warranted: 


(1) The qualitative interpretation of the insulin test is of 


questionable value as a measure of the completeness of 


vagotomy. 


(2) The results presented leave the function of the direct 


gastric branches of the vagus in doubt. They have been 
shown to have no appreciable effect on either gastric 
emptying or secretion of acid and pepsin. Is it 
possible they are entirely afferent or serve some 


unappreciated secretory or motor function? 


Finally, if one is justified in drawing conclusions from 


animal experiments and extending them to clinical situations, the 


following comments are warranted: 


(1) 


(2) 


(3) 


Highly selective vagotomy may not justifiably be applied 
to patients with peptic ulcer in view of its failure to 
decrease both basal and stimulated acid secretion. 
Selective vagotomy alone causes significant gastric 
retention and should not be applied to patients without a 
complementary drainage procedure, regardless of the physical 
state of the pylorus and, finally, 

Selective vagotomy with pyloroplasty offers a "safe" 
alternative to truncal vagotomy with drainage, provided 
one is cognizant of an initial rapid emptying rate and 
takes the necessary steps to minimize the sequelae it 


may cause. 
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